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COMPLETE SPECIFICATION 
Improved Papermaking Process 



We, Nalco Chemical Company, a cor- 
poration organized and existing tinder the 
laws of the State of Delaware, United States 
of America, of 6216 West 66th Place, Chicago, 
State of Illinois, United States of America, do 
hereby declare the invention, for which we 
pray that a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the 
following statement: — 

The present invention relates in general to 
an improved papermaking process, and more 
particularly to a method for increasing the 
rate at which water drains from pulp fiber 
in the formation of paper- In the process, a 
combination of an aluminum ion source such 
as alum, a canonic component, and an anionic 
polymer was found to increase markedly the 
rate at which water drains from the paper 
web without adversely affecting the proper- 
ties of the paper. 

The rate at which paper can be manu- 
factured has been found to be directly related 
to the rate of water drainage from the 
aqueous suspension of paper fibers. A paper 
machine can produce paper only as fast as 
the wet may be removed from the machine. 
If the wet web is drawn off the machine at 
too great a speed, the web will brea^, result- 
ing in a substantial loss of production time. 
While this problem is not too serious on 
tissue or other light grades of paper, it is 
especially important in the production^ of 
heavier paper or board having a basis weight 
in excess of 30 Ibs./lOOO ft. 2 . 

Substantial efforts have been expended by 
the papermaking art to increase this drainage 
rate and thereby more efficiently carry out 
the overall papermaking process. For example, 
it has been found that less refined pulp pos- 
sesses greater wet web strength, and thus ex- 
hibits superior drainage properties, thereby 



allowing the use of faster machine speeds. 
However, pulp which has not been refined to 
any substantial degree, produces paper which 
has unsatisfactory dry strength. Consequently, 
when the low refining technique is used to 
increase machine speed, the quality of the 
paper is poor and often is unacceptable. 

To counteract the adverse effect on dry 
strength caused by using less refined pulp, 
attempts have been made to improve the paper 
by chemical means. In some instances, how- 
ever, artificially produced strength is accom- 
panied by unwanted side effects in the re- 
sulting paper such as brittleness or poor 
resistance to fold and/or crease stresses. Fur- 
ther, the use of dry strength treatments has 
on occasion adversely affected the drainage 
rate, thereby reducing the speed at which 
paper may be* produced. Another factor which 
complicates paper manufacturing is the use 
of various fillers, pigments, sizing additives 
and the like, which use often adversely affects 
the drainage rate. 

It would be of great advantage to the 
papermaking art if a .process could be de- 
rived which would substantially increase the 
rate of drainage of water from aqueous sus- 
pensions of paper fibers. Such a process would 
allow greater machine speed and, further, 
would permit the paper manufacturer to in- 
crease the amount of pulp refining so that 
paper of higher quality could be produced. 

Accordingly, it is an object of this inven- 
tion to provide a process wherein the drain- 
age rate of water from an aqueous suspension 
of paper pulp fibers is materially increased. 

It is a further object of this invention to 
provide a process whereby pulp may be more 
highly refined prior to its use in a paper- 
making process without bringing about un- 
wanted secondary effects such as loss of wet 
strength and decreased drainage rates. 
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— " ~~~~ ~ 7 ,„,j tQ imoart canonic character to starch 

Tr has now been discovered that the over- be usea . * cooking raw starch 

all opSomlXency of .the ******* £ £ pSceof the polvarnine to form a 
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P r0 ;fi m f ay th ^! invention. Specifically, the ^c polyamine which may be used 
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oart a cationic character thereto 
P ^The term "starch", as used herein, is in- 

cnzvme-converted starches and the acetates 

an 4-h£ erS a wMetriety of materials may 
be^cS to modify starch to irnp^ a canonic 
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Steodvmeric polyamine which may be used 
iS hoein is defined as being the 
^ction^Wuc? rf £ alkylene dihalide and 
^ C Sn? having the following structural 

formula: 
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H 2 N(— R— N— )iH 

where R is a bivalent alM radkal _sele^d 
from the group of CH 2 CH S , CH-CH^s, 
CH 3 

and CH,C , and x is an integer of from 0 
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W Similarly cationic gums may be prepared 
i„Ske manntr for ulein the process of this 
i n a a variety of simple, inexpensive 

S may be TcSd with polymeric poly- 
Scs m produce a superior papermafang 
SJSl npm subsequent treatment of the 
^Snr ouId according to the practice of 
SSE5,l£ P <£!i susceptible to modifica- 
with polyamine materials indude, for 
tion Wiw P") Trasacanth, dextrine, Vee- 
"^ P mS terTr'S Mark), carboxy- 
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Th c ^um and polymeric amine when re- 
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suitable canonic starch is sold under the 
trademark "Q-Tac". 

The cationic polymers which may be used 
in the process of this invention are many and 
5 varied. Generally, these polymers have mole- 
cular weights in excess of 1000 and more 
preferably in excess of 2000. The most pre- 
ferred polymers "of this type have molecular 
weight ranges of 2,000—50,000. Such above 
10 polymeric polyamines may be formed by a 
wide variety of reactions such as by the re- 
action of alkylene polyamines and difunc- 
tional alkyl materials. 

A greatly preferred class of polyamme poly- 
15 mers are condensation polymers of alkylene 
polyamines and halohydrins. Exemplary poly- 
mers of this type are those disclosed in Green 
U.S. Patent 2,969,302, the disclosure of which 
is incorporated herein by reference. 
20 A preferred polyaminc condensation poly- 
mer of the type described in Green U.S. 
Patent 2,969,302, is generically defined as 
an aqueous solution containing 5— 40 by 
weight of a high molecular weight epihalohy- 
25 drin-alk/lene polyamine condensation copoly- 
mer, said aqueous solution being further 
characterized as having a viscosity of at least 
10 cps when measured as an aqueous solu- 
tion containing 20% by weight of said con- 
30 densation copolymer at 75°F. Preferred 
materials falling within this class have a 
viscosity of at least 50 cps when measured 
as just described. The upper limit of the 
viscosity is anything short of gel formation. 
35 Most preferred products have viscosities of 
from about 50 to about 800 cps. In order 
to form the preferred polymers of the in- 
vention, it is only necessary to polymerize the 
epihalohydrin and alkylene polyamme at tem- 
40 peratures ranging from about 105 F- to 
185°F. at a mole ratio of epihalohydrin to 
alkylene polyamine falling within the range 
of 1.4: 1 to 22.1 1. For best results, the poly- 
merization reaction is generally carried out 
45 in dilute aqueous solutions at reactant concen- 
trations ranging from about 10 to about 30',o 
by weight. 

As mentioned above, the two classes of 
monomeric reactants involved in the conden- 
50 sation polymerization are epihalohydnns and 
alkylene polyainines. The epihalohydnns that 
may be employed include such materials as 
epicMorohydrin, epibromohydrin and epiiodo- 
• hydrin. Of these, the most preferred, due to 
55 cost and ready availability, is epicMorohydrin. 
The alkylene polyamines which are reacted 
with the polyfunctional halohydrin for the 
purpose of the invention are well known 
compounds having the general formula: 
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H 2 N(CnH 3 nNH)JEI 



where n is an integer from 1 to 4 and x is 
one or more. Preferably, n is 2 and x ranges 
from 1 to 5 to give the preferred polyethylene 



polyamine class. Examples of alkylene poly- 
amines useful in the invention are the alkylene 65 
diamines, such as eihylenediamine, 1,2-pro- 
pylene diamine, 1,3 - propylene diamine and 
the polyalkylene polyamines, such as, for 
example, diethylene triamine, methylene 
tetramine, tetraethylene pentamine, penta- 70 
ethylene hexamine, dipropylene triamine, and 
the sitnifar polypropylene polyamines and 
polybutylenc polyamines. Mixtures of any of 
die above may also be used and oftentimes 
commercial sources of these compounds con- & 
tain two or more of any of the above alkylene 
polyamines. Some commercial amine products 
may contain mixtures of as many as five 
separate compounds. m flft 

Yet another species of polyamines falling 
within the above class is formed by reaction 
of an alkylene dihalide and an amine. Pre- 
ferred amine reactants include ammonia, 
ethylene diamine, diethylene triamine, tetra- 
ethylene pentamine and methylene pentamine. ™ 
Of these, the most preferable due to ex- 
cellent reactivity, low cost and availability is 
ammonia. The alkylene dihahde reactant may 
be chosen from a wide variety of difuncuonal 
organics including ethylene dichloride and 90 
li-propylene dichloride. Of these the most 
preferred is ethylene dichloride. One excel- 
lent cationic oolymer for use in the instant 
invention is formed by reaction of ammonia 
and ethylene dichloride under superatmos- 95 
pheric pressures and with heating. 

In addition to the above preferred conden- 
sation type polymers, many other condensa- 
tion polymeric cationics are also acWbly 
suited for use in the invention. Effective 100 
watersoluble cationic polymers or resins are 
to be founds among the class consisting of 
amine-aldehyde resins and amide-aldehyde 
resins, preferably hydr^iiiHc melamine- 
formaldehyde resins. Such colloidal cationic 105 
resin solutions may be prepared by dissolving 
ordinary melamine-aldehyde condensation pro- 
ducts, such as methylol melamines, m acids 
such as hydrochloric acid, to form acidified or 
acid-type resin solutions having a glass elec- 110 
node pH value within the range of about 
0.5 to about 3.5 when measured at 15% solids, 
or pH values up to 45 when measured in 
more dilute solutions, followed by aging to 
the colloidal condition, as described m United n:> 
States Patent 2,345,543. 

Another class of canonic melamine-aldenyae 
resins that may be used in practicing the pre- 
sent invention are the resinous polymers of 
melamine, urea and aldehydes such as form- 120 
aldehyde containing at least 0.7 moles of 
melamine for each 4 moles of urea and about 
1 to 4 moles of combined formaldehyde for 
each mole of melamine plus urea. Such resins 
are described in U.S. Patent 2,485,079. These 125 
cationic melamine resin copolymers are ob- 
tained by first preparing an acidified aqueous 
solution of an aldehyde condensation product 
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of melamine and urea containing 1 to 70 mole 
SrSStf urea and 30-90°,<, of melamine 
JSfXi 02. to U .moles of add per mole 
of melamine, depending on the strength of 
the acid, and aging the solution i unul the 
colloidal cationic condition is reached.. 

Zother suitable class, of cationic resins .are 
tfaoX of the polyimine type. The polyimines 
^derived, for^ple, by .the homopog- 
merizarion of monomers containing the imme 
m jj£ai, — N — , and have a molecular weight 

H 

° f Tni e Si£ monomers preferably employed 
contain not more than 7 carbon atoms. Of 
Se monomers employed for ^ 
imines. some of those best suited for the 
nuroose of the invention are classified as sub- 
Sed ethylenemines and have the structural 
formula: 




20 



wherein R R', R" are either hydrogen or 
acyclic hydrocarbon radicals containing from 
1 to 3 carbon atoms. , 
Examples of such monomers are the toi- 

25 lowing: 



A. Ethyleneimine — 

H S C CH 3 

\ / 

N 

I 

H 

B. 1,2-propyleneimine — 
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C 1,2-butyleneimine — 

H 
I 

H 3 C CH 5 C^CH : 

N 
I 

H 



D. 2,2^imethylethyleneimine- 
CH, 

Hv 
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F. 1,1-dimethyU-n-propyl- 
ethyleneiminc — 



CH,- 



-CH,- 



H CH, 



■V- 

I 

H 



Other monomers capable of producing 
cationic polymers suitable for the practice of 4U 
this invention are trimethyleneimine which 
has the structural formula: 

H..C— CH 2 — CH 3 



and its lower alkyl substituted derivatives in 
which one or more of the hydrogen atoms 
attached to a carbon atom is substituted oy 
an aikyl group containing not more than 3 
carbon atoms, i.e., methyl, ethyl and propyL 
Ethyleneimine, as well as many of its de- 
rivatives, may be prepared by any of several 
well known methods such as are described m 
the "Tournal of American Chemical Society;', 
Vol. 57, "p. 2328, (1935) and Ber. 21 1094 

^The polymerization of ethyleneimine and 
its derivatives is usually conducted at reduced 
temperatures using acid catalysts such as HCI 
and the like. The polymerization of the 
various monomers listed above is described in 
detail in the "Journal of Organic Chemistry* , 
Vol. 9, p. 500, (1944). 

The linear polyimines are characterized by 
a long acylic chain structure in which nitro- 
gen atoms of inline groups arc connected at 
intervals to carbon atoms. It will be recog- 
nized, therefore, that linear polyimines can be 
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prepared not only by homopolymerization but 
also by condensation reactions with the elimi- 
nation of a hydrohalide. Thus, ethylene di- 
bromide or propylene dibromide can be con- 

5 densed with diethyleneiriamine, triethylene- 
tetramine, tetraethylenepentamine, and/or di- 
propylenetriamine to produce polyimines, and 
the present invention contemplates the em- 
ployment of such materials. 

10 In general, the polyimfnes employed in the 
practice of the invention can be described as 
water-soluble polyimines in which irnino 
(— NH) groups are attached to carbon atoms 
and recur every two to three atoms in a main 

15 linear chain, preferably containing not more 
than 6 carbon atoms in any side chain. Where 
imino groups are separated from each other 
by ethylene groups, the linear polyimines are 
referred to as polyethyleneimines. Where the 

20 imino groups are separated from each # other 
by propylene groups, the linear polyimines 
are referred to as polypropyleneimines. _ 

The molecular weight of the useful imine 
polymers should be at least 1,000 and is 

25 preferably from 5,000 to 50,000. If the con- 
densation reactions from which these polymers 
are derived are allowed to continue for too 
long a period of time or the conditions are 
not suitable, infusible, water-insoluble resins 

30 may result. In the case of 2,2-dimethyethyl- 
encimine, care must be used to control the 
reaction so that the materials produced are 
sufficiently water-soluble so that they can be 
employed at effective concentrations. Similarly, 

35 long chain water-soluble cationic polymers 
may be prepared by condensing formalde- 
hyde with a polyalkylene polyamine such as 
tetraethylenepentamine to link the polyamines 
with a plurality of methylene bridges. 

40 The above type condensation polymers may 
be generally described as water-soluble 
cationic polymers containing a plurality of 
cationic sites in a straight or branched chain 
configuration. 

45 Yet another class of cationic resins mclude 
addition-type polymers which in aqueous 
medium will form organic cations having ^ a 
substantial number of positive charges dis- 
tributed at a plurality of positions on the 

50 polymer. Generally, these materials have a 
molecular weight in excess of 100,000 and 
contain in a side chain a hydrophilic group 
possessing the ability to form the above des- 
cribed positive charge Typical members of 

55 this group are polyvinyl pyridine or other 
similar monomers having nitrogen-cont ainin g 
nuclei. Another specific material of this type 
is polyvinyl pyrrolidone. Salts of the above 
may also be employed. 

60 Still other suitable cationics include the well 
known vinyl benzyl quaternary ammonium 
compounds such as the homopolymers of vinyj 
benzyl quaternary ammonium salts or copoly- 
mers thereof formed by a copolymerization re- 

65 action with acrylamide 3 methacrylamide, etc. 



The vinyl benzyl quaternary materials are 
generally formed by chloromethylating poly- 
styrene and subsequently substituting the 
chloro group with a tertiary amine to produce 
the corresponding nitrogen quaternary. 70 

Other examples of cationic polymers suit- 
able as a treating agent in the first step of 
the process of, the invention includes homo- 
polymers and water-soluble copolymers of 
aminoethyl acrylate hydrochloride, aminoethyl 75 
methacrylate hydrochloride, or substituted 
ammonium alkyl acryiates or methacrylates 
such as N-methyl or NJNf-d im ethyl-amino- 
alkyl acrylate or methacrylate wherein the 
alkyl groups contain 2 — 3 carbons. Other 80 
cationic polymers may be formed when the 
cationic monomer of the type just described 
is copolymerized with any one or more mono- 
ethylenically unsaturated monomers capable 
of vinyl polymerization such that the result- 85 
ing copolymer is water-soluble or water-dis- 
persible. Suitable monomers of this type which 
may be copolymerized with the cationic mono- 
mers include acrylamide, methacrylamide, 
acrylonitrile, the lower (i.e. containing no more 90 
than 6 carbon atoms) alkyl esters of acrylic 
and methacrylic acid, or vinyl methyl ether. 

Preferred cationic materials for use in the 
process include (1) cationic starches of the 
type described above and of the type sold 95 
under the trademark Q-Tac, and (2) a cationic 
copolymer of dimethylnniinoethyl methacrylate 
and acrylamide. The following materials can 
be used in preparing the polymer : 

Acrylamide — 101.25 g. 100 

Dimemylaminoethyl Methacrylate — 33.75 g. 
HQ (Cp Grade 37—38%) — 21.00 g. 

H-O (distill) — 144.00 g. 

Total 300.00 g. 

The dimethylaminoethyi methacrylate is dis- 105 
solved in 144 g. of distilled water and the 
solution is cooled to 25°C. Enough hydro- 
chloric add is slowly added to the solution 
with adequate mixing to lower the pH to 
5.0 while maintaining the 25° C tempera- 110 
ture during neutralization. The acrylamide 
(101.25 g.) is added to the reaction mixture 
until it dissolves. The total monomer solu- 
tion is then readjusted to pH 5.O. 

A quantity of 2.7 g. petroleum sulfonate is 115 
dissolved in 592 g. of toluene and charged 
to the reaction vessel. The toluene mixture 
is heated to 50° C. and purged with nitrogen 
at a rate of 1500 cc/min. 

A quantity of 0.166% tertiary butyl hydro- 120 
peroxide 70, based on 135 g. of monomer, 
was added to the total monomer solution with 
stirring. This monomer solution _ was then 
added to the heated toluene mixture and 
the temperature was maintained at 50° C. with 125 
nitrogen purging. This reaction mixture is 
then maintained at 50°C for 2 hours after 
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initiation. After the 2 hour reaction, 

was removed by azeotropic distillation and 

to pSmer was isolated from the toluene 

"t£^* that is produced by the above 
procedure has a viscosity of about 3000 cps. 
It hT a water-soluble dimemylaminoethyl 
niethacrylate-acrylamide copolymer The pro- 
cedure can, of course, be widely varied One 
per cent (1%) solution viscosities canl beas 
low as 100 cps and range up. to 5000 cps- 
Our preferred product has a viscosity in the 
SSJof 2000-^-4000 cps. A 1% solution vis- 
SsTry of about 3000 to 4000 cps represent a 
molecular weight of about 2-3 milhon. Tte 
amine to acrylamide ratio can be varied easily 
from 5% to 50% by weight. Other aads an, 
of course, be used for neutralization and other 
emSere can be substituted for the petroleum 
Smte. Other solvents, including aromatic, 
Kane or chlorinated solvents, can be sub- 
stituted for the toluene. Any organic per- 
oxide or inorganic redox system will work in 

^The^cum of the cationic colloid may 
convenielSy range from 0.1% to 3.0% based 
on tit dr/ fiber weight. A preferred range 
of xhis additive is from 02.% w 1-5 /<>- 

The second component used in this .inven- 
tion mav be broadly defined as bemg an 
anionic high molecular weight polymer. 



No. Name 
1 Polyacrvlate-sodium salt 



2 Polymethacrylic acid-sodium salt 



Polymers falling within the above defini- 
tion are those consisting of substances which 
in an aqueous medium will form organic 
anions having a measurable negative electric 
charge Greatiy preferred anionic materials are 
those substances polymeric in nature having 
a substantial number of negative electrical 
charges distributed at a plurality of posi- 
tions on the polymer. These polymeric anionic 
substances which have a molecular weight 
of at least 100,000 are derived by polymeri- 
zation of at least one mono-olefmic com- 
pound through an aliphatic unsaturated group. 
These polymers should be water-soluble or 
dispersible and have a structure substantially 
free of cross linkage arid are therefore avail- 
able for solubilization or dispersion in water. 
Preferred anionic substances found to be 
especially effective for the purpose of the 
invention are water-dispersible synthetic poly- 
mers having a linear hydrocarbon structure 
and containing in a side chain a hydropfailic 
eroup consisting of carboxylic acid, carboxylic 
acid anhydride, carboxylic acid salt groups, 
or copolymers of any of the foregoing. Typical 
water-dispersible synthetic organic polymers, 
anionic in nature, which have these character- 
istic aroupings are listed below. These have 
been found to be effective for the practice 
of the invention. 



Characteristic Grouping 



— CHr-CH— 



— CH* 



OO (-) 
Na (+) 



CH, 

1 

-C— 

ioo (-) 

Na (+) 
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Maleic anhydride-vinyl acetate copolymer 



-CH-CHj-CH CH- 



CHj^O 



OC OO 



4 Polyvinyl methyl ethermaleic anhydride 
copolymer 

5 Metbacrylic acid-acrylamide copolymer 



-CH-CH^-CH— CH- 
OC^ O-C^/Lo 



CH 3 




COO(-) 
H(+) 



CONH. 
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No. 

6 Polyacrylic acid 



Name 



Characteristic Grouping 

— CHo — CH— 
I 



COO (-) 
H(+) 



7 Isopropenyl acetate - maleic anhydride 
sodium salt 



— CH* 



CH 3 
-C — 



-CH- 



-CH— 



8 Itaconic acid-vinyl acetate 



O 
I 

CH 3 C=0 



COO(-)H(+) 



c=o c=o 

I I 

O(-) 0(-) 

Na(+) Na(+) 



-CH— 



9 a - methyl styrene 
"sodium salt 



maleic anhydride 




-CH 



cqqC- > coo(-> 

Ha M Ua M 



10 Styrene-maleic anhydride sodium salt 



-CH-CH 2 -CH 



-CH— 



cooc-0 cooC-0 



11 Methylmethacrylate - maleic anhydride 
salt 



12 Acrylic acid-styrene copolymer 



CH 3 



C00CH 5 



-CHs- 



-CH— 



-CH— 

COO(-) COO(-) 
Na(+) NaC+) 



-ch — cHa-cH-cHa- 
1 cooc-0 



A suitable anionic copolymer may be de- 
10 rived from a polycarboxyHc acid monomer 
and at least one other monomer copoly- 
merizable therewith. The polycarboxyHc acid 
may be maleic anhydride, acrylic acid, maleic 
acid, fumaric acid, itaconic acid, aconitic 
15 acid or citraconic acid, which may be co- 
polymerized with the amides of these acids, 
the alkali metal derivatives (e.g., sodium, 
potassium and lithium), the alkaline earth 
metal derivatives (e.g., "magnesium, calcium, 
20 barium and strontium), and ammonium salts 
of these acids, the partial alkyl esters (e.g., 
methyl, ethyl, propyl, butyl, mono esters), 



the salts of said partial alkyl esters, and the 
substituted amides of these polycarboxylic 
acids. Where a hydrophilic polycarboxyHc 25 
acid such as maleic acid is used as one of the 
starting components to form the copolymer, 
a hydrophobic comonomer may be used, as 
for example, styrene^ alphamethylstyrene, 
vinyl toluene, chlorostyrene, vinyl acetate, 30 
vinyl chloride, vinyl formate, vinyl alkyl 
ethers, alkyl acrylates, alkyl methacrylates, 
ethylene, propylene, and/or isobutylene. The 
foregoing synthetic copolymers are prefer- 
ably obtained by reacting equimolar propor- 35 
tions of a polycarboxylic acid and at least 
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Z^r However certain of the obtained by well ^ h dlolysis 0 f acryloni 

""•CTIS than 'equimolar proportion 
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STSb 5 ££*r ^ proportions 
S^^of ie less hydrophobic comono- 

mers * , r i 3SS of anionic poly- 

? iffifhSi 2£c£r weight poly- 
mers is a linear nigu hydrocar- 
mer or copoljoner of a vmyl *r£ > 

^ S£e2 ST ^»rt*k£ which'are 
methylstyrene ^ Q r , ^ n1f / naced under con- 

= sS? r dS , 5 asr-sss%d-- 

Another class u± - . invention 

mers thereof of *e aads ; or ^sai and alkyj est^*^ ^ _ 



:.„„-<. suc h as partial nyaroiy^ ^» ~- •/ 

Skflfto been determined that the amount 
S^lSdc vvhich shall b. g*g*£ 
give desired drainage results is 85—95 parts 

^elSt'Unom^cT^g niter* Lb 

fe I pdvmerizable polycarbosylic : acid whidh 

t,." rfiosen from makic aad, maieic 

""Li riric acid. Again, the 
anhydride, or rurnar add 

^n^er used Ti£$orlnt. Excellent reten- 
m °n fcrivS is achieved when from 0.3 to 
2 0 oaS S weight of the above compounds 
V^maleic anhydride is employed. The 
such as maieu. . dds comprise those 
most preferred r"? 11 ™ 11 ^ ^ % y we ight 
indudmg from 0 5^o .y p y ^ m 
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in the F^/lSm monomers 
three groups * of each other 

are polymerized in the terpo lv- 

mer ™$ thcir^Secdve polar groupings be- 
^ ^nfuool the amount of each mono- 

S^Ste cSMTiStol averse 
SoSm?^ the ? tic mJ 

acSt iffcrytmide. This monomer is easily 
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Composition B 
Monomer Parts by Weight 

Acxylamide 89.5—94.5 
Polycarboxylic acid monomer 0.5 — 1.5 
5 Ethylenically unsaturated 

water-soluble monomer 5.0— 9.0 

The most preferred specific terpolymer of 
the invention having the range of reacts nt 
weights as outlined in Composition B above 

10 includes polyacxylamide, rnaleic anhydride 
and methacrylic add. 

In order to produce terpolymers of ex- 
ceedingly high molecular weight, and cor- 
responduigly proportional excellent retention 

15 ability, a special polymerization technique was 
employed. Broadly speaking, this technique 
involved preparation of the highly concen- 
trated monomer solution, addition of an inert 
heat transfer solvent media, which may be 

20 referred to as anorganic solvent, and sub- 
sequent polymerization effected at relatively 
low temperatures. The polymerization must 
be carried out under conditions of high agita- 
tion and in the presence of an anristickKig 

25 agent, which acts to keep the formed poly- 
mer from agglomerating into an impractical 
and unusable mass. If conditions are followed 
closely, granules of relatively small size may 
be obtained which are easily ground into a 

30 freeflowing white soluble powder, and are 
immediately ready for use without further 
processing. The monomers actually terpoly- 
merize in a separate stratum within the above 
system in the presence of a surface active 

35 compound acting as the anti-stiddng agent. 
More specifically, an aqueous solution is 
prepared containing about 30% to about 
80% by weight of monomers, 20% to 70% 
water, and 0.003% to about 0:2% based on 

40 the weight of monomer present of a poly- 
merization catalyst, such as potassium persui- 
fate. The water solution is then added to or 
mixed with a water-insoluble, organic, heat 
transfer medium which preferably is capable 

45 of forming an azeotropic mixture with water. 
The above mixture should contain a minor 
amount of a surface active agent which pre- 
vents the terpolymer from sticking to the 
agitator or the walls of the vessel. The tem- 

50 perature of the system is raised to a desired 
point and the mixture is kept in motion by 
means of an agitator. Oxygen is removed 
from the system either by purging with an 
inert gas such as nitrogen or carbon dioxide, 

55 by applying a vacuum or by boiling the 
mixture. The polymerization is initiated as 
soon as the oxygen is removed. If an emulsion 
is formed due to the presence of the surface 
active agent, the emulsion breaks and the 

60 polymerization is carried out in a separate 
layer. The organic heat transfer medium sub- 
stantially surrounds the aqueous medium as 
the polymerization takes place. Vigorous 
agitation is employed to continuously shear 



the polymer layer into particles which vary 65 
in diameter, for example, from about 1/16" 
to about 2 // and more often from about 1/4" 
to 1/2". In a preferred process, the tem- 
perature of the mixture is raised to its boil- 
ing point or maintained at the boiling point 70 
in the event polymerization was carried out ' 
at the boiling point of the mixture and after 
the polymerization is completed, water is 
removed by azeotropic distillation. The boil- 
ing temperature, of course, varies in accord- 75 
ance with the particular organic heat trans- 
fer agent in the mixture. 

During the boiling off stage, the organic 
solvent preferably is condensed and returned 
to the mixture while the water is being 80 
trapped and removed. After from 60 to 100% 
of the water has been eliminated the 
granules that have formed are separated from 
the solvent by nitration and are then washed 
and air dried. 85 

It has been found that benzene, toluene, 
xylene, and ethylene dichloride are especially 
suitable for use in the present process as well 
as carbon tetrachloride and tetrachloroethyl- 
ene. Other comparable organic • compounds 90 
that form azeotropic mixtures of water, how- 
ever, could be used without difficulty as long 
as they do not contain alcohol, aldehyde or 
ketone groups which would cause undesir- 
able side reactions. The polymerization 95 
medium can also contain a nonazeotroping 
component with boiling point above the dis- 
tilling temperature. The above materials may 
be termed organic solvents and are all water 
insoluble, organic heat exchange materials 100 
which are considered inert in the practice of 
the invention. These organic substances serve 
as heat transfer media or heat dissipators by 
suspension of the aqueous monomer phase 
and subsequently form terpolymeric product, 105 

The catalysts that are employed in the 
process include conventional peroxidic oxid- 
izing agents such as potassium persulfate, 
hydrogen peroxide, and ammonium persul- 
fate. It is preferred that water-soluble com- 110 
pounds be used for .this purpose. The amount 
of catalyst used in the process can vary from 
0.003% to about 0.2% by weight based on 
the weight of the monomers. A preferred 
range is from about 0.003% to about 0.05%. 115 
Catalyst concentrations above 0.2% will 
polymerize the aqueous solution containing 
the three monomers, but the resultant pro- 
ducts are inferior to those prepared using 
amounts of catalyst within the specified 120 
ranges. One of the advantages of the subject 
process, therefore, is that it provides a means 
of carrying out the polymerization using very 
small amounts of catalyst. 

As was pointed out above, a surface active 125 
agent should be added to the polymerization 
mixture in order to prevent the polymer 
from sticking to the walls of the reaction 
vessel and to the agitator. There are numerous 
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compounds on the market which would per- 
form satisfactorily in the capacity MgE*? 
such as "Ethomid" S-15, 0-15, and HT-15, 
which are ethylene oxide condensates of tatty 

5 add [amides, as well as "Arlacel 80" and 
"Span 80", which are sorbitan mono-oieares, 
will serve adequately .as antisricking agents 
as will sorbitan mono-stearate, sodium 
dodecyi benzene sulfonate, ^JS™ 

10 stearates, and aluminum oleatcs^EraOMJl^ 
ARLACEL and SPAN are Registered Trade 
Marks. Initially in the process, the presence 
of the surface active agent may cause the 
formation of an emulsion. It is essential, now- 

15 ever that the emulsion break and form two 
separate and distinct layers prior to the poly- 
merization reaction. The amount of surface 
active agent which is added to the system can 
vary from about 0.5% to about 7% by 

20 weight based on the weight of the heat trans- 
fer medium, and preferably will 
about 2% to about 4% by weight. During 
the polymerization, the monomer-containing 
aqueous medium is substantially surrounded 

25 by the organic heat transfer medium. 

In a preferred embodiment, the polymeri- 
zation reaction is carried out using a redox 
type catalytic system. In the method des- 
cribed above, either avoiding or removal of 

30 oxygen by other means is needed to permit 
the catalyst to form free radicals. In a re- 
dox system, the catalyst is activated by means 
of a reducing agent, which in the absence 
of oxygen immediately produces free radicals 

35 without the use of heat. One of the reducing 
agents most commonly used is sodium meta- 
bisulfite. Other suitable agents include water- 
soluble thiosulfates, bisulfites, hydrosulfites, 
and reducing salts, such as the sulfates of 

40 metals which are capable of existing in 
more than one valence state. The metals in- 
clude cobalt, iron, nickel, and copper. The 
use of a redox initiator system has several 
advantages, the most important of which 

45 is that it is possible to carry out the poly- 
merization at lower temperatures. It is not 
required to decompose the catalyst. 

As has been pointed out, a great many 
surface active agents can be used in the 

50 terpolymerization process. Those compounds 
' mentioned above are illustrative of suitable 
and readilv available products. The amount 
of surface" active agent used in the process 
can vary from about J to 7%, and prefer- 

55 ably 2% to 4% by weight based on the 
weight of the heat transfer medium. Too 
large a quantity of the surface active agent 
should be avoided inasmuch as an excess 
might tend to form stable emulsions or sus- 

60 pensions. The surface active agents func- 
tion primarily to prevent the forming^ ter- 
polymer from sticking to .either the agitator 
or wails of the reaction vessel. 

The selection of particular catalysts — or 

65 activators, should a redox system be em- 



ployed—for use in the process does not fall 
within the scope of our invention. Con- 
ventional catalysts such as potassium persul- 
fate and conventional activators, such as 
sodium metabisulfite, work very satisfactorily. 70 
It is important, however, that the amount 
of catalyst used in the process vary from 
0.003% to about 0.2%, based on the weight 
of the monomers. , , 

It is preferred to dissolve the catalyst and 75 
the activator in separate water solutions prior 
to adding to the aqueous solutions of the 
three monomers. The catalyst and activator 
can be dissolved in the aqueous monomer 
solution just prior to adding the solution to 80 
the organic heat transfer agent.. Alternatively, 
the catalvst can be dissolved in a small 
amount of water and then be added to the 
organic heat transfer medium prior to the 
addition of the monomeric soluuon. Another 85 
satisfactory method would be to dissolve the 
catalyst and/or activator in water and add 
this solution to the reaction mixture after 
the monomeric solution has been added to 
the heat transfer medium. 90 

The water content of the tcrpolymers that 
are produced by the above method should 
range from 0 to about 28%. Our preferred 
water content range is from about 5 / 0 to 
about 15%. If the moisture -content of the 95 
polymer is greater than about 23%, the 
granules tend to agglomerate. . 

Several organic relatively water-insoluble 
heat transfer - liquids have been suggested 
above which can be used in the subject pro- 100 
cess It is preferred that those liquids form 
azeotropic mixtures with water. By azeo- 
tropic mixtures, we mean mixtures ^ which 
« on heating will cause water to distil oyer 
at temperatures below the normal boiling lCb 
of the water at a given pressure. The use 
of an azeotropic mixture makes it possible 
to remove water from the terpolymer particles 
without employing special drying equipment. 
Apart from the fact that these liquids must 110 
not contain reactive groups such as alcohol, 
aldehyde, and ketone groups, which would 
cause side reactions, the selecuon of the 
particular heat transfer medium is not par- 
ticularly critical. Benzene is a relatively in- 115 
expensive component and it has been found 
to provide excellent results. For this reason, 
it is our preferred heat transfer material. 

As was pointed out above, the heat trans- 
fer medium plays an important part in 120 
the concentrated solution polymerization 
method. In particular, the function of the 
organic liquid is to remove the heat of re- 
action from the forming polymer. 

One of the important steps of the poly- 125 
merizauon process involves the removal of 
dissolved oxvgen gas from the reaction mix- 
ture The removal of the oxygen can be 
accomplished by (1) purging the reaction 
mixture with an inert gas such as- nitrogen 130 
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or carbon dioxide, (2) boiling the reaction 
mixture, and (3) applying a partial vacuum 
to the system. If an inert gas is used to 
remove the oxygen, it is best applied by 

5 passing the gas through a disperser or sparger 
which is inserted beneath the surface of the 
reaction mixture. 

One of the major disadvantages of the 
prior art methods is that only dilute solutions 

10 of monomers could be polymerized without 
causing a violent reaction or without pro- 
ducing a rubbery, nonflowable material. In 
the subject process, the total monomer con- 
tent of the aqueous solution can range from 

15 about 30% to about 80% by weight. 
Primarily because it is possible to work with 
concentrated solutions of monomer, ^ the 
formed terpolymers have un us ual and highly 
advantageous properties. 

20 The following examples illustrate typical . 
terpolymers and their method of preparation. 

Example 1 
This example illustrates 2. typical terpoly- 
mer involving terpolymerization of maleic 

25 anhydride, methacrylic add and acrylamide 
using a redox system of polymerization and 
a high concentration of monomers via the 
polymerization technique as described above. 
Unless otherwise indicated, the percentage 

30 figures below are to be taken as percent by 
weight. 

To 108.0 grams of water (12.6%) are 
added 1.125 grams of maleic anhydride 
(0.13 %\ 9.4 grams of methacrylic acid 

35 (llll%), and 10.0 grams of a 50% con- 
centrated aqueous solution of sodium hy- 
droxide (1.17%). The above ingredients are 
mixed until complete solubilization is 
effected. 124.425 grams of acrylamide 

40 (14.59%) are added to the above mixture 
and the entire solution was gently agitated and 
mildly heated at a temperature not greater 
than 38°C It is essential that the tempera- 
ture not exceed above this figure since heat- 

45 ing at a higher temperature would effect 
polymerization prematurely. The pH of the 
solution is then adjusted with 50% caustic 
sufficient to raise the pH to 9.0. 

In a separate 1000 ml three-necked flask, 

50 equipped with thermometer, Dean and Stark 
trap, condenser, stirring device and heating 
mantle attached to a variable transformer are 
added 754.0 grams of toluene (6732%) and 
19.6 grams of "Arlacel 80" antisticking agent 

55 (230%). The reaction flask then is purged 
with nitrogen at a rate of 960 cc/min. After 
the inert solvent and antisticking agent mix- 
ture is purged sufficiently, the above basic 
monomeric solution is added to the 1000 cc 

60 reaction flask. The system is put under re- 
duced vacuum (8 inches) and heated to 70° C. 
After this temperature is reached, the vacuum 
is shut off and 4.8 grams of a 1% aqueous 
solution of Na 2 S:;Og is added (0.56%) while 



the stirring mechanism is running. After a 65 
few seconds, 1.2 grams of a 1% aqueous 
solution of K 2 S 2 0 8 (0.14%) is added. During 
this addition of redox reagent, the reaction 
temperatured rops two to three . degrees C. 
The redox catalyst is completely added, the 70 
vacuum is re-established at an 8" reading, 
and the reaction mass reheated to 70° C. 
When this temperature is again reached the 
vacuum is shut off and only nitrogen is in- 
troduced into the reaction mixture for the 75 
duration of the reaction time. Heating^ is 
applied in order to marnTarn the reaction 
inasjj at 70° C. until an exotherm occurs. At 
this time, heat is discontinued and the tem- 
perature xlrops of its own accord to 68°C 80 . 
After the exothermic reaction has been com- 
pleted, temperature of the mix Lure of the 
polymerization reaction is maintained at 
about 70°C. for 50—60 minutes. At this 
time, water is then removed as an azeotropic 85 
distillate. Approximately 90% of the total 
water added was azeotroped off. Filtration 
from the organic solvent left a white granular 
product. 

Example 2 90 
This example was run similar to the pro- 
cedure outlined in Example 1. To a 500 ml 
beaker were added 85.5 grams acrylamide, 
4,0 grams of methacrylic add, 0.5 grams of 
maleic anhydride, and 72 mis of distilled 95 
water. The monomeric solution was stirred 
and the pH was adjusted from 3.2 to 6.3 
with 50% concentrated sodium hydroxide. 
With gentle stirring 0.8 mis of a 1% aqueous 
solution of K 2 S 2 O a and 3.2 mis of a 1% 100 
aqueous solution of Na 2 S 2 0s were added to 
the above monomeric solution. In a separate 
1000 ml f reaction flask the inert organic 
solution containing the heat transfer media 
and anti-sticking agent were prepared. This 105 
solvent solution contained 574 grams of 
toluene and 19.6 grams of Arlacel 80. After 
heating the inert solvent solution to 71 °C. 
with stirring, the monomeric aqueous solu- 
tion was added slowly to the reaction flask. 110 
The temperature during the addition then 
dropped to 55° C whereupon the entire mix- 
ture was reheated to 75°C. At this time, a 
8" vacuum was applied and a nitrogen layer 
was put over the reaction surface. The tern- 115 
perature was maintained at 75 °C. for 26 
niinutes, after which time a phase separation 
was noted. During this time, a vacuum was 
continuously applied and nitrogen flowed 
over the surface. After the temperature had 120 
dropped about 74°C. the polymerization was 
considered complete and then the water was 
removed by azeotropic distillation. 72 mis 
of water was removed by this method. The 
resultant white free-flowing granules were 125 
washed and separated by vacuum filtration. 
These granules could be easily ground to 
below 40 mesh. 
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chemicals, the paper machine was adjusted 65 
to run at a m aximum rate. 

The governing factor which controlled the 
oroduction rate was the amount of tune which 
was necessary to drain the aqueous portion 
from the fibers and form what is known 
as a wet web. A phenomenon was observed 
which is known as the wet-line, a term used 
in the oapermaking art to indicate that point 
on the Fourdrinier wire at which the aqueous 
suspension of pulp fibers actually forms into 
Tcohesive web of fibers. Once the paper 
machine had achieved equilibrium, various 
chemicals were added to the aqueous sus- 
pension to determine their effect upon this 
stabilized wet-line. No effect was noticed by 
mill personnel when approximately 2% alum, 
b«ed on the fibers, was added at the beater 
Next, iust prior to the fan pump, 15 lbs. of 
rStonic starch per ton of dry fibers was 
added The particular canonic starch em- 
oloyed in mis experiment was a starch ether 
which was etherified with a reaction product 
oum ion source c f ep ichlorohydrin and trimethylamine m con- 
He added at Sct P with a strongly alkaline catalyst. At this 
It is preferred, po i n t, only slight variation in the wet-toe 90 

T-u» Tiririrml- With tilG Wet-HHC moving 



The amount of anionic polymer which 
should be added to carry out the process of 
^ invention wffl vary depending upon the 
Sunt of cationic colloid A preferred range 
for this additive may be expressed by a 
weight ratio of colloid to anionic polymer 
of gout 25:1 to about 1:2. Mo« preferred 
i3 to employ sufficient M J?J e £ 

weight ratio, as above, of from 15.1 to 

1: As stated above, the process of this in- 
vention comprises adding to an aqueous sus- 
SSon of pap« pulp fibers in sequential 
order? a canonic component comprising an 
aSmuium ion source and a materia^ selec- 
tedfrom cationic polymers, canonic starch 
and Adonic gum, followed by an amomc 
polymer as defined above. Thereafter, the 
treated pulp suspension may be formed into 
oSrby any of the conventional paper- 
Sfcing device in which the aqueous pornon 
of the suspension is drained from the fibers 
a fibrous web which is , thereafter 
drieT'inxo paper. The aluminum lor . source 
Sd the canonic material can be added at 

the same or different times. It is preferred, point, ^ *"^vh' _ ^"wet-line movine 

Wl ^ J ttric polymer is added dicating vary slight unprovement m the dram- 
after the aluminum ion source and the agc rate. . . 

nSrfcT However, anv other suitable pome A m ' excess c f 100,000 was added just 

SSStafcS as immediately prior to the Jg? „ ^ hcad box Almost n°»fegr 100 

fan is acceptable. Also, the canonic P fter ^ Iym€r addinor^ dramatic efect 
material may be added at any point in the ^ was noaced, with substan- 

KSW process prior toj Che point at £ . improvement in Jte me 
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material may oe aaaea at any : upon tne wei-unc v»~» — > *S~:^<r* 

SSlS ^ P^ccss prior to the point at £ { t Movement in the rate of oxa^g£ 

^HdT^ s^pcosio/ is spread onto the Specific £iy, the wet-line was observed to 

Fo^drinier wire or other foraminous device, ^ toward lhe headbox at anonceabie 

jrourarraier «*x -„t„ ^vu no the & ^ ^„;i;hr;„m of the svstem had 
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Fourdrinier wire or olu«t ^^—7- 
Once these two materials, which mate ^ 
cationic component, have had sufficient tune 
?te reasonably well distributed through- 
out the pulp suspension, the amomc poly- 
mer my be added A preferred practice is 
to add the anionic polymer to the pulp sus- 
pension just prior to the ^b^Sufficient 
time is thereby allowed m J?J£Z 
bute the anionic polymer and thereby achieve 
maximum benefits from the treatment with- 
out materially altering the characters of 
the pulp suspension prior to its formanon 
Stoa fibrouTweb The foUomng c^^ 
are presented to illustrate various embodi- 
ments of the invention. 

Example 3 . 
In this example, the process of H»s in- 
vention was employed in a large paper _ rmU 
located in the Northwestern pornon of the 
Uni S States. The paper being produced 
was a liner-board grade of paper having ; a 
basis weight of approximately 54 lbs. per 
1000 ft/ Prior to the addmon of any 



Specincaiiy, tnc w^l-h^w »t«w ™ — . — - 
migrate toward the headbox at a nouceable 
rate. Once equilibrium of the system had 
again been established, it was determined by 
mill personnel that approximately 25 /, im- 
provement in drainage had been effected as 
evidenced by wet-line migrauon. ilu 

In order to determine the resulting saving 
realized by this particular paper mill, using 
the process described above, the .rate of pro- 
duction was increased until the wet-line had 
returned to its original posiuon. Once the 115 
system was again stabilized, this particular 
Tncr machine was able to produce over 
20»<. more paper per hour, thereby demon- 
ftrannrthe co^eWal effectiveness of the 
process of this invention. " u 

Example 4 
In this example, a number of experiments 
were performed on unbleached softwood 
kraft pulp to determine the various effects 
on drainage of the process of this mvennon. 125 
The apparatus in which the drainage was 
evaluated consisted of a cylinder having a 
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screen and a vacuum device mounted on the 
bottom thereof. Drainage was measured by 
adding a known quantity of an aqueous sus- 
pension of paper pulp fibers to the device 
5 and measuring the amount of time required 
to drain the aqueous portion of the suspen- 
sion from the fibers under a constant vacuum 
suction. Prior to any refining, the particular 
pulp used in these experiments had a drain-* 
10 age rate of 6 seconds. Paper produced from 
this unbeaten stock was wholly unacceptable 
for any commercial paper application. The 
pulp was then beaten to sufficient stock con- 
sistency to allow the sample to drain in 
15 100 seconds. Although this beaten pulp pos- 
sessed superior dry strength and the quality 
of the paper produced from this pulp was 
rated acceptable, the drainage rate was too 
slow for efficient production of paper. Ideally, 
20 the optimum situation would be where a pulp 
would possess the drainage properties of 
unbeaten pulp and would have the strength 
and other qualities of the heavily beaten 
stock. Accordingly, pulps were prepared 
25 according to the process of this invention in 
order to achieve that desired end result. 

A series of drainage evaluations were made 
to demonstrate the surprising effectiveness of 
the particular steps of the process of this* 
30 invention. Specifically, Run A represents the 
above mentioned unbeaten stock with no addi- 
tives, likewise, Run B was the above men- 
tioned beaten stock with no additives. Run C 
comprises beaten stock to which had been 
35 added 1.5% of a canonic starch. Run D 
also contained 2% alum pins 1.5% cationic 
starch. Run E represents a run using 0.2% 
of a. cationic polymer, in this case a poly- 
amine derived from condensation of epichloro- 
40 hydrin and an alkyiene polyamine. Similarly, 
Run F represents the use of 2% alum plus 
0.2% of the same cationic polyamine as 
additives. Run G contained 2% alum and 
0.1% of an acrylamideacrylic acid copoly- 
45 mer having a molecular weight of approxi- 
mately "4 million. Run H contained 1.5% 
cationic starch and 0.1% of the above men- 
tioned anionic polymer. Run I represents the 
use of the cationic polyamine at a dosage of 
50 0.2% plus 0.1% of the anionic polymer men- 
tioned above. Run J, which represents the 
process of this invention* was made with 
a pulp containing 0.5% of alum plus 0.5% 
of the cationic starch and 0.1% of the above 
55 mentioned anionic polymer. Likewise, Run 
K was run according to the process of this 
invention using 1% alum plus 1% cationic 
starch plus 0.2% of the anionic polymer. 
Finally, Run L, again 'according to the pro- 
60 cess of this invention, contained 0.5% alum, 
0.15% of the cationic polyamine and 0.1% 
of the anionic polymer. All of the percent- 
ages above are based on the bone dry weight 
of the fibers. In each case, the first named 
65 additive was added first. The results of 
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these runs are presented below in the fol- 
lowing table. 

Table I 

Effect of Additives on Drainage Rate 

Run No. Drainage Time, Seconds 70 

A 6 

B 100 

C 99 

D 96 

E 97 

F 76 

G 54 

H 84 

I 91 

J 18 80 

K 8 
L 14 

As can be seen from Table I above^ only 
Runs J, K and L showed a substantial re- 
duction in drainage rate. In fact, the heavily 85 
beaten pulp employed in Run K was modi- 
fied by the process of this invention to such 
an extent that it approached the freeness 
(drainage properties) of unrefined pulp as 
in Run A. Runs C, D, E, F, G, H, and I on 
. represent processes wherein only two of the 
three required additives were employed. In 
comparison to. the process of this invention, 
none^ of these runs were able to effect sub- 
stantial reduction in drainage rates. QX - 

Similar experiments performed on other - 
pulps using other cationic polymers, cationic 
starches and cationic gums in conjunction 
with alum, aluminum chloride and sodium 
al um ma te as_well as a wide variety of anionic jqq 
polymers having molecular weights ranging 
from as low as 100,000 to as high as 5 
pillion. In each case, similar substantial 
improvements in drainage were noted. Also, 
experiments were performed to determine iq$ 
the quality of the paper produced under the 
process conditions. In numerous cases, 
strength, fold resistance and many cither pro- 
perties were superior to properties of papers 
produced from heavily beaten unmodified hq 
pulps. 

As was pointed out above, in our process 
the combination of materials includes either 
(1) alum-Q-Tac-anionic polymer (acrylamide 
plus polycarboxyiic acid monomers plus 115 
ethyienically unsaturated water-soluble mono- 
mer), or (2) alumcationic polymer of di- 
methylaminoethyl methacrylate and acryl- 
amide-anionic terpolymer. Either of these 
combinations provides a much improved 120 
drainage rate while .maintaining paper 
strength, etc. 

WHAT WE CLAIM. IS: — 

1. A process for making paper from an 
aqueous, suspension of paper pulp fibres,. 125 
which comprises: treating said suspension 
sequentially with (a) a cationic component 
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comprising from 0.2% to 5.0% of an alum- 
inum ion source, calculated as alum, and 
based on the dry fibre weight, and from 
0 1% to 3.0% of a material selected from 
a canonic polymer, a canonic starch and a 
canonic gum, based on the dry fibre weight 
of said suspension, and (b) an anionic poly- 
mer having a molecular weight of at least 
100000 in an amount sufficient to provide 
a weight ratio of said material to said anionic 
polymer of from 25: 1 to 1:2, thereby form- 
ing a treated pulp suspension; and thereafter 
forming said treated suspension into a fibrous 
web by means of a foraminous device which 
drains the aqueous portion of said suspen- 
sion from said fibres. 

2. A process according to claim 1, in which 
said aluminum ion source is added to said 
suspension prior to said cationic materiaL 

3. A process according to claim 1 or claim 
2 in which said aluminum ion source is 
added in an amount of from 0.5% to 1.5%. 

4 A process according to any one of claims 
1, 2 and 3, in which said cationic material 
is' added in an amount of from 0.2% to 
1.5 °o- 

" 5l A process according to claim 4, in which 
said weight ratio is from 15 : 1 to 1 : 1. 



6. A process according to any one of claims 
1 to 5 3 in which said anionic polymer is an 
anionic acrylamide polymer having a mole- 
cular weight of at least 250,000. 

7 A process according to any one of claim s 
1 to 6, in which said cationic material is 
a cationic starch or a cationic copolymer of 
dimethylaminoethyl methacrylate and acryi- 

8. A process according to claim 7, in which 
said anionic polymer is a terpolymer produced 
by copoiymerismg the following monomers: 

Monomer Parts by Weight 

Acrylamide 85.0—95.0 
Polycarboxylic Acid Monomer 03 — 2.0 
Other Ethylenically Un- 
saturated Water-soluble 
Monomer 3.0 — 15.0 

9. A process according to claim 1, sub- 
stantially as hereinbefore described. 

10. Paper when prepared by a process 
according to any one of the preceding claims. 

MARKS & CLERK, 
Chartered Patent Agents, 
Agents for the Applicants). 



14 



30 



35 



40 



45 



50 



